Abstract: This paper proposes a methodology based on installation cost for locating the optimal position of interline power flow controller (IPFC) in a power system network. Here both conventional and non conventional optimization tools such as LR and ABC are applied. This methodology is formulated mathematically based on installation cost of the FACTS device and active power generation cost. The capability of IPFC to control the real and reactive power simultaneously in multiple transmission lines is exploited here. Apart from locating the optimal position of IPFC, this algorithm is used to find the optimal dispatch of the generating units and the optimal value of IPFC parameters. IPFC is modeled using Power Injection (PI) model and incorporated into the problem formulation. This proposed method is compared with that of conventional LR method by validating on standard test systems like 5-bus, IEEE 30-bus and IEEE 118-bus systems. A detailed discussion on power flow and voltage profile improvement is carried out which reveals that incorporating IPFC into power system network in its optimal location significantly enhance the load margin as well as the reliability of the system.
Introduction
The main purpose of transmission network is to supply the load at the required reliability, lower cost and with maximum efficiency. The complexity of the power system is increasing due to the increase in load demand, line loss and loop flows. Increasing the power generation and constructing new transmission lines are essential for meeting this load demand. The cost of transmission lines, social and geographical factors, financial factors and ambient factors restrict the construction of new lines to improve the transmission capability. The best solutions available for sorting out this problem are HVDC and FACTS. HVDC is economical only for long distance transmission. The available transmission capability can be increased to a certain level using FACTS by utilizing the existing transmission lines. FACTS devices can control the various parameters of the power system such as voltage, phase angle and line impedance in a rapid and effective manner. [1, 2] . These devices can be used depending on requirements and applications. UPFC is used to control three variables namely real power, reactive power and voltage control simultaneously or as required. IPFC is used to control the real and reactive power flow in multiple transmission lines simultaneously. But taking advantages of these FACTS devices depends greatly on how these devices are placed in the network (i.e) the location of the device [17] . Improperly placed FACTS devices fail to provide the optimum performance and can be counterproductive in certain situations. So, proper placement of these FACTS devices is an important task. However, the best choice of location for the installation of these equipments is not a simple task due to the complexity of the electric system.
The main objective of Optimal Power Flow (OPF) is to determine the optimal operation state of the power system subjected to certain operating constraints. OPF is carried out before locating the optimal position of a FACTS device. Using PSO technique the optimal location of FACTS devices (SVC, TCSC and UPFC) is carried out in [3] . The mathematical model representations of variable series capacitors and static phase shifters to find the optimal location for improved economic dispatch has been developed by Tjing T Lie and Wanhong Deng [4] . The optimal choice and allocation of FACTS devices (UPFC, TCSC, TCPST, and SVC) are done in a multi machine power system using Genetic Algorithm (GA) is given in [5] . In [6] , optimal location and the parameter settings for UPFC are carried out using PSO AND GA for improving the loadability of the power system. In [7] , optimal location for SVC and TCSC are carried out using CP flow analysis, to enhance the voltage stability of the system. The optimal placement of FACTS devices (TCSC, STATOM, UPFC) in a deregulated power system with due consideration to line loss is being discussed in [8] . In reference [9] optimal power flow using ABC algorithm which is developed by Karaboga D and Basturk B [10] is carried out. Teerathana.S [9] applied successive quadratic algorithm to solve the OPF incorporating IPFC in the network with an objective to reduce total capacity of installed IPFC in a power system. Khalid. H. Mohamed [10] had solved OPF problem incorporating IPFC using PSO, GA and SA, with an objective to reduce the real power loss in the network. Basu [11] proposed an algorithm based on Differential Evolution approach to solve optimal power flow problem incorporating TCSC, TCPS and obtained better results in case of fuel cost and CPU timing.
Proposed work
The focus of this work is to locate the optimal position for IPFC in a given test system using ABC algorithm while satisfying all the operating and IPFC constraints. The minimization of line loss, economic dispatch of generators, improve power flow and reduction in the overall system cost which includes the cost of active power generation and the installation cost of IPFC are also considered for obtaining the optimal location. Since the selected line is compensated, this will lead to the reduction in total generation cost of electric power and investment on the compensating devices. Limited works has been carried out in optimizing the power flow in a power system network with IPFC and optimal location of IPFC. The cost function for IPFC is derived from the existing UPFC cost function with an assumption that there is not much difference in the construction of UPFC and IPFC. In [10] , it is clearly proven that ABC algorithm can be efficiently used for solving constrained optimization problems. The convergence characteristic of ABC is also better, so in this proposed methodology ABC algorithm is used as an optimization tool. The developed methodology is tested in standard test systems such as 5 bus, IEEE 30 bus and IEEE 118 bus systems.
Interline power flow controller

Operating principle and mathematical modeling
The IPFC addresses the problem of compensating a number of transmission lines at a given substation. Conventionally series capacitors are used to improve the real power transfer in a given line. However, it cannot control the reactive flow in the line, thus resulting in improper compensation. This problem occurs when the ratio of reactance to resistance of transmission line (X/R) is relatively low. By using capacitive combination, the reactance of the line decreases which in turn reduces the (X/R) ratio of the line, resulting in improper compensation and improper load balancing in transmission lines. Series reactive compensation reduces only the effective reactive impedance X and, thus, significantly decreases the effective X/R ratio and thereby increases the reactive power flow and losses in the line. The IPFC scheme, together with independently controllable reactive series compensation of each individual line enables the transfer of real power between the compensated lines. IPFC can be employed to transfer power between multiple lines in a substation, where as the other available FACTS devices can control the power flow through single line only. The power flow through a line can be regulated by controlling both magnitudes and angles of the series voltage injections. The converters have the capability of independently generating or absorbing the reactive power. Mathematical model for IPFC, which will be referred to as power injection model, is helpful in understanding the impact of the IPFC on the power system in the steady state. Furthermore, this IPFC model can easily be incorporated in power flow analysis. Usually, in the steady state analysis of power system, the Voltage Source Converters (VSC) may be represented as a synchronous voltage source [15, 16, 19] injecting an almost sinusoidal voltage with controllable magnitude and angle [5] . Figure 1 , the equivalent circuit of IPFC is shown in Figure 2 . In Figure 2 , V i , V j and V k are the complex bus voltages at the buses i, j and k respectively, Vse in is the complex controllable series injected voltage source, and Zse in (n = j, k) is the series coupling transformer impedance.
The complex power injected by series converter connected in between bus i and bus j as shown in Figure 2 can be written as 
where:
The active power exchange between series connected inverters via the common dc link is ( ).
The same equations can be derived for bus k also.
Problem formulation
The minimization of the total cost is taken as the main objective which includes the total active power generation cost and the cost of installation of IPFC, which is given by ( ) ( ), (6) where
where: P Gm is the output of the 'm 
where , 
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where ,
S i , S j are cost functions for converters connected to bus i and j respectively. (13) where N B is the total number of system buses; P Gm and Q Gm are the active and reactive power generations of generator 'm'; P Dm and Q Dm are the active and reactive power loads of bus V m and V n are the voltage magnitude of bus 'm' and 'n', 2 mn is the voltage angle difference between bus 'm' and 'n' and Y mn is the transfer admittance matrix. b) Operation constraints
where N L is the total number of lines in the system, , The total power generated should meet the total load and the line loss , 0 (18) , 0 (19) where: P D , Q D are the total real and reactive load demands, P Gm 
Implementation of ABC algorithm for optimal location of IPFC
The ABC algorithm belongs to a class of evolutionary algorithms introduced by Karaboga [21] that are inspired by the intelligent behavior of the honey bees in finding nectar sources around their hives [18, 20, 22] . The total bees in the colony are categorized into three groups: employed, onlookers and scout bees. The colony is equally separated into employed bees and onlooker bees. Each solution consists of a set of optimization parameters which represent a food source position. So, the total number of employed bees will be equal to the number of food sources. The fitness value corresponds to the quality of food source and is associated with its position. The process of searching the good food source is used to find the optimal solution. The employed bees have the responsibility to find the food sources which shares the information to the onlooker bees by performing waggle dance. The onlooker bees have the role of selecting the best food source with higher quality based on the information. So the food source chosen by the employed bees can be either selected or rejected by the onlooker bees The employed bee of an abandoned food source becomes a scout bee and as soon as it finds a new food source it becomes employed again. If the food source is rejected because of low quality, then the employed bees will change into scout bee to search randomly for new sources. Each search cycle of the ABC algorithm contains three steps. First, the employed bees are sent into their food sources and the amounts of nectar are evaluated. The information regarding the nectar is shared; onlooker bees select the food source regions and evaluating the amount of nectar in the food sources. The scout bees are chosen next and sent out to find the new food sources.
The step-by-step procedure for the proposed method is as follows:
Step 1 Specify the generator coefficients, line and bus datas, and the generation limits for the given test system. Initialize the control parameters for ABC algorithm and IPFC parameters.
Step 2
Create initial random population ).
Step 3 Here the fitness for each food source corresponding to the employed bees in the colony is evaluated using (6) . Select the best fitness value among the individuals and the corresponding cost and the parameters responsible for the minimum cost. Repeat the following with setting a cycle count of one until the maximum cycle number (MCN) is reached, which is also the termination criteria.
Step 4
Here the employed bee modifies the position for finding a new food source. The new food position is given by Step 5 Once all the employed bees complete the search process, they share the information regarding the food sources and positions to the onlooker bee. The onlooker bee select a food position based on the probability given by Where fit i is the fitness value of the food source, iO, , i = 1, 2, 3 …D. Onlookers are placed onto the food source sites by using a fitness-based selection technique(roulette wheel selection).
Step 6
As in the case of the employed bee discussed in Step 4, the onlookers produces a modification on the position in its memory using (23) , and checks the nector amount of the candidate source. If the new food has equal or better nectar than the old source, it is replaced with the old one in the memory. Otherwise, the old one is retained in the memory. Greedy selection mechanism is employed to select a position between the new and the old one. 
Step7
If the solution for a food source is not improved after a number of trials, the food source is abandoned and the scout bee discovers a new food source with Xi. Memorize the best solution achieved so far and increment the cycle count.
Step 8
The process is stopped when the termination criteria is satisfied (MCN). The best fitness and the corresponding food position is memorized at the end of the termination criteria. The cost of IPFC, generation dispatch and the IPFC parameters are computed. The flow chart for the proposed methodology is show in Figure 3 .
Results and discussions
The proposed methodology is tested in 5 bus test system [ The cost of IPFC is calculated in all the cases using (11), which depends on the reactive power flow in the line. The optimal location is also carried out using conventional LR method, which is then compared with the non conventional proposed method. The complexity in deriving the Jacobian matrix is eliminated by the proposed methodology. This is executed in MATLAB 7.5 version software with 3 GB RAM.
Case 1: 5 bus system
The IPFC is placed in various locations in 5 bus test system and its effectiveness to improve the power flow is given in Table 1 . The 5 bus test system is modified to incorporate IPFC in it by adding two dummy lines. The total load of the system is 165 MW. The colony size for ABC is selected as 20 and the termination criteria (MCN) is taken as 100. The parameters for IPFC and ABC are chosen as given in Section 5. The IPFC is placed in all possible locations and the results (active power dispatch, bus voltages, losses, real power flow, real power generation cost, IPFC installation cost and IPFC parameters) for two lines including the optimal location is summarized in Table 1. IPFC improves the power flow through the lines by injecting real and reactive power of proper magnitude. From Table 1 , it is clear that the optimal location is line 4-2-3 in which the active power generation cost and IPFC installation costs are minimum. When IPFC is placed in location 4-2-3, there is an improvement of 12. The voltage of buses is within the limit for both the methods, but it is much closer to unity with ABC algorithm. The installation cost of IPFC is M0.1442 $ with ABC which is much lesser than M0.15096 $ with LR method. The operating cost is reduced by 2.95% with ABC compared to LR method. Figure 4 shows the convergence characteristics of ABC with respect to iterations, it can be noted that ABC converges faster and the perturbations between the costs is very small with iterations. It can be observed from Table 1 that the real power loss, operation cost and IPFC installation cost got reduced when IPFC is placed in line 4-2-3, which can be considered as the optimal location for the placement of IPFC in a 5 bus test system. The proposed methodology is tested in 5 bus system for 30 trials and the best cost, average cost and worst cost of active power generation is shown in Figure 5 . It is clear from Figure 5 that the average cost obtained with the proposed method is much closer to the best cost. 
Case 2: IEEE 30 bus system
This numerical example uses an IEEE 30 bus system in which IPFC is incorporated and the optimal location is determined by the proposed methodology applying ABC algorithm. Colony size for ABC is selected as 100 and the termination criteria (MCN) is taken as 300. The capability of IPFC to improve the active power import is given in Table 2 . IPFC is placed in all possible location in the IEEE 30 bus system and the various results (Optimal power dispatch, real power flow, real power loss, real power generation cost, IPFC installation cost and IPFC parameters) are furnished in Table 2 .
IPFC is placed in all possible location in the IEEE 30 bus system and the various results (Optimal power dispatch, real power flow, real power loss, real power generation cost, IPFC installation cost and IPFC parameters) are furnished in Table 2 .
There is an increase of 51.14% in real power in line 25-26 with LR and 116.20% of increase in real power with ABC with IPFC in line 25-26-27. Also it should be noted that the real power loss in line 25-26 is reduced to 12.07% with LR and 17.11% with ABC, respectively. The installation cost is reduced by 1.25% with ABC algorithm compared to that of LR method. The improvement in real power flow and the reduction in real power loss are due to the injection of power by the IPFC into the network. From Table 2 , in line 25-26-27 the real power flow is improved to a greater extent. The real power generation cost is 599.45 $/hr with ABC which is lesser than 600.32 $/hr obtained with LR method. The real power loss is 10.03 MW with ABC and 10.64 MW with LR method, which shows the capability of ABC algorithm in reducing real power loss. The voltage profile when IPFC is placed in line 25-26-27 (optimal location) is shown in Figure 6 for both the methods. It is clear that the voltage profile has improved significantly and the voltages are close to unity in case when ABC is used. The voltages in certain buses are father away from the base voltage of 1.0 p.u with LR method, but the voltage deviation is minimum when ABC is used. Though series devices are not meant for voltage profile improvement, with the incorporation of IPFC into the network, the voltage profile has improved to a certain level compared to the base case. The installation cost for IPFC is M 7.09 $ with ABC which is less than M7.18 $ with LR method. The convergence characteristics of ABC with IPFC in line 25-26-27 is shown in Figure 7 , which shows the better convergence performance of ABC. The IPFC converter parameters Vse1, Vse2, θse1, θse2 are within the limits specified in both the methods. This is true for the remaining cases also as in Table 2 . From Table 2 , it is clear that the IPFC installation cost, active power generation cost and power loss has reduced to a considerable amount when IPFC is placed in line 25-26-27 (optimal location). The proposed methodology is tested for 30 trials in IEEE 30 bus system and the best cost, average cost and worst cost of active power generation is shown in Figure 8 . It is clear from Figure 8 that the average cost obtained with the proposed method is closer to the best cost.
Case 3: IEEE 118 bus system
Here the optimal location of IPFC in 118 bus test system is carried out using ABC algorithm. The line and bus data are modified to incorporate IPFC in it. The colony size for ABC is selected as 50 and the termination criteria (MCN) is taken as 200. The IPFC is placed in all the possible positions in the test system and the results for 3 cases are illustrated in Table 3 . The Table 3 shows the real power flow, cost of real power generation, active power loss, IPFC installation cost and the IPFC parameters. It is clear that the IPFC parameters are within the specified limits in all the cases. The active power generation cost in line 17-18-113 is 94574.9 $/hr with ABC which is lesser than 94582.9 $/hr obtained with LR method. The installation cost is reduced by 2.22% when ABC algorithm is used. It should be noted that the reduction in cost is obtained for the load of a single hour. However, this benefit is more apparent if daily and annual savings are considered. It is clear from the Table 3 , that the incorporation of IPFC improves the power flow through the lines to a greater extent. The IPFC installation cost is M272.13 $ with ABC which is lesser than M278.3 $ with LR, thus resulting in the reduction of installation cost. The real power loss, generation cost and installation cost of IPFC are less when IPFC is placed in line 17-18-113, which can be selected as the best choice for installing IPFC in the network. The improvement in power flow reduces the installation cost and burden on the lines. Figure 9 shows the convergence characteristics of ABC when placed in location 17-18-113, which shows the strength of the proposed methodology. The proposed methodology using ABC algorithm is tested for 10 trials in IEEE 118 bus system and the best cost, average cost and worst cost of active power generation is shown in Figure 10 . It is clear from Figure 10 that the average cost obtained with the proposed method is closer to the best cost. Figure 11 shows the voltage profile with ABC in line 30-17-18 for both the methods. Figure 11 makes clear that the voltages are improved and most of them are closer to unity with the proposed method.
When several IPFCs are to be incorporated in the network, the IPFCs has to be placed in all permutations and combinations simultaneously. Then the benefits related to operational aspects in a power system network should be evaluated and placement can be finalised. However, if the IPFCs are to be placed in a network based on the installation and operational cost, the combination of locations of IPFCs that gives the least cost can be considered as the optimal locations in the network. 
Conclusion
The optimal location of IPFC in a power system network is identified by using both the conventional (Lagrangian Relaxation) and non conventional (ABC) method by considering the minimization in installation cost, active power generation cost, improvement in power flow and reduction in real power losses in the power system network. The cost function for IPFC is derived from the existing cost function of UPFC. The proposed method and the LR method are validated with standard benchmark systems like 5 bus, IEEE 30 bus and IEEE 118 bus test systems. Considerable reduction in generation cost, real power loss, improvement in power flow and voltage profile improvement are obtained with the proposed methodology. The optimal location for the placement of IPFC is clearly demonstrated for all test systems. Economic load dispatch is carried out for all the test systems which results in significant annual savings in operational cost of the system. The computational complexity and the rate of convergence for both the methods are addressed. The results afford evidence that the proposed ABC methodology is found to be effective than conventional LR method in obtaining both quality solution and good convergence rate.
Also other FACTS devices such as SVC, TCSC, SSSC, STATCOM and UPFC can be investigated and the performance evaluation can be carried out by the proposed method. The proposed method can be extended to practical and large power system networks. 
